highland topography. Mapping studies suggest that Tyrrhena Terra fluvial systems are ancient, whereas those in Promethei Terra were active in the Hesperian Period and dissect an intermontane basin unit that accumulated in low-lying highland regions. This apparent age difference is consistent with the more pronounced and long-lived presence of volatiledriven activity near Promethei Terra.
Highland paterae exhibit radial valley systems dissecting their flank materials. Deeply incised valleys within wide, flat-floored troughs along the flanks of Hadriaca Patera suggest a greater component of surface runoff than at Tyrrhena Patera. THEMIS images show fine-scale parallel troughs perpendicular to the larger radial valleys, consistent with friable pyroclastic deposits and sustained fluvial erosion in some locations. MOLA DEMs show significant and widespread modification of highland topography surrounding Hellas; in eastern Hellas, this occurred prior to paterae formation and emplacement of Hesperia Planum. Ridged plains partially fill a former low-lying region but remain at elevations below surrounding highland surfaces.
Vallis Systems. Three prominent canyon systems extend through cratered highlands and Hesperian sedimentary plains of eastern Hellas toward Hellas Planitia. Dao and Harmakhis Valles are characterized by relatively steep-walled depressions, zones of subsided plains, and prominent central canyons whose walls display gullies with associated depositional aprons that cover parts of canyon floors. Reull Vallis' distal regions are similar, but its upper reaches exhibit streamlined islands, scour marks, narrow, sinuous channels, and lateral terraces or benches, all evidence for a fluvial stage or zone. The emplacement and erosion of a sequence of plains adjacent to Reull Vallis may be directly tied to flooding associated with this canyon system. Recent studies suggest that the lateral and vertical growth of Dao and Harmakhis Valles are dominated by collapse and sapping [23] [24] [25] . Surface runoff may only have occurred locally or in stages now erased by subsequent collapse.
Hellas Planitia. It has been suggested that Hellas basin contained ice-covered lakes from observations in MOC images, primarily of the deepest parts (below -6900m) of western Hellas Planitia [22] . Here, layered sediments and polygonal cavities were attributed to a lacustrine environment; Viking and MOLA data were used to propose additional shorelines at -5800m and -3100m [22] . After identifying intricate patterns of finely layered deposits located where Dao Vallis enters Hellas Planitia, we systematically searched MOC images to examine the distribution of these layered outcrops in eastern Hellas. Layered outcrops are concentrated along the scarp defining the eastern edge of the basin near Dao and Harmakhis Valles. The layered outcrops are exposed in locally high-standing mesas, knobs, and surfaces, typically near -5700m in elevation. MOLA topographic contours are deflected toward the basin interior in precisely the area exhibiting the layered outcrops, delineating a substantial depositional shelf in eastern Hellas. This shelf could be a preferential accumulation zone for atmospheric volatiles and/or the edge of a volatilerich deposit associated with the basin interior.
Numerous, typically singular channels extend toward Hellas Planitia from the NE both adjacent to the valles and to the north, suggesting significant drainage into Hellas along the depositional shelf. It is possible that Dao and Harmakhis Valles once were similar to these narrow, elongate channels and grew by collapse of volatile-rich shelf sediments. The upper reaches of Dao and Harmakhis Valles as well as the larger segment of Reull Vallis (i.e., the "nonfluvial" segment that meets Harmakhis Vallis) all appear to be bounded by the -1800m elevation contour. Over the -1800 to -5800m interval, the topographic expression of the highlands changes significantly; below -5800m large impact craters are not apparent, between -5800 and -1800m large craters are present but are degraded, and above -1800m typical cratered terrain surrounds the basin. Topographic data, cratered terrain preservation, valles morphology, and the distribution of layered outcrops are all consistent with ancient lakes in Hellas, perhaps to a larger extent than envisioned 
